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Abstract: Persistent hyperglycemia is linked to a range of chronic complications in diabetes, such as
neuropathy, retinopathy, nephropathy, and atherosclerosis. The underlying cause is the highly stable
advanced glycation end products (AGEs) resulting from prolonged exposure to high glucose level. Hence the
present study was undertaken on the anti-glycation activity of a series of synthetic analogues (Schiff bases)
4a-40 of nitrovanillin synthesized by its coupling with different amino reagents. Nitrovanillin was obtained
by the nitration of vanillin. Vanillin is a natural product that was obtained by the reduction of vanillic acid.
Vanillic acid is another natural product which was isolated from ethanol extract of plant species Tamarix
aphylla during the current study. These analogues were screened for in-vitro anti-glycation activity using
rutin (ICso = 180+0.8 yM) as a reference molecule. The best potent analogues 4a (IC;y = 121+1.0 uM), 4f
(ICsp = 95.0£0.7 uM), and 4h (ICs, = 183+3.8 yM) were subjected to computational study that revealed
they were not only anti-glycation active, but also having well in ligand-protein interaction profile. While, all
others analogues were found moderate to highly active. When the safety profile of these analogues 4a-40
was evaluated by MTT assay using HepG2 cells against doxorubicin as a reference drug, the analogues 4a,
4e, 4f, 4i, 41, 4m, and 40 were found nontoxic, while analogues 4d, 4h, 4k, and 4n showed insignificant
toxicity.
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1 INTRODUCTION complications of diabetes mellitus (4), a very

frequent heterogeneous disorder that affected

Glycation is a non-enzymatic spontaneous process
initiated when reducing sugars react with biological
molecules such as amino acids, lipids, and nucleic
acids. Glycation results in the formation of unstable
Schiff bases when an excess amount of free blood
sugars i.e., glucose, ribose, and fructose react with
the free amino group proteins in the living system
which then undergoes (1) several modifications
through Amadori rearrangement and ends up with
the generation of very stable advanced glycation end
products (AGEs) (2, 3). In hyperglycemic conditions,
excessive formation of AGEs causes various chronic

almost 415 million people worldwide. The situation is
so alarming that, by the end of 2040 the number will
be increased to 642 million (5). Other diabetes-
linked complications due to AGEs are tumor
malignancy (6), nephropathy, neuropathy,
retinopathy, atherosclerosis, and stroke (7). Certain
structural distortions and malfunctions were also
observed due to the glycation of blood albumins
which trigger the formation of reactive oxygen
species as well as prevent their scavenging capability
for free radicals and create oxidative stress (8). The
formation of AGEs is a normal process of body
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metabolism (9) but an accelerated rate under

hyperglycemia in tissues and circulation level
promotes pathogenic complications and
inflammatory response (10-12). Glycation of

biological molecules in the living system not only
involves AGEs generation but, dietary food items also
act as a source of these species. They naturally exist
in  uncooked animal-derived foods and their
contamination further increased during cooking at
high temperatures to enhance flavor, color, and
appearance. The fact that modern food items are the
richest sources of AGEs is now well-documented
since it was previously assumed that foods born AGE
are poorly absorbed and their adverse health effects
were ignored (13, 14). The destructive effects of
AGEs paid great attention to the prevention of the
formation of these species and the execution of these
effects. The discovery of synthetic as well as natural
anti-glycation agents with minimum side effects and
high efficiencies such as flavonoid, phenol
derivatives, imidazole, thiazolidine, and sulfonate
were employed to control AGEs-linked complications
(15). Although numerous anti-glycation agents have
been developed in the past few years they have not
gained attraction to prevent the process of glycation
and manage the effects of AGEs such as
aminoguanidine, which was not approved for clinical
use due to toxicity and its adverse effects (16, 17).
Similarly some safe drugs approved by FDA (USA)
such as metformin, aspirin, diclofenac etc., but not
so effective to prevent glycation during
hyperglycemic conditions. However, some anti-
glycating agents ie, ALT-711, benfotiamine, etc are
under investigation for this aspect (18). Hence, there
is a need to investigate safe and effective ant-
glycation agents to treat glycation-associated
disorders.  Schiff bases have gained the
overwhelming attraction of researchers due to their
ubiquitous behavior in the field of medicine and
pharmaceutics due to anti-bacterial (19, 20) anti-
tumor (21), anti-fungal (22), and anti-proliferative
activities (23). Through our continuous effort to
search the Schiff bases as anti-glycation agents,
were reported the substituted synthesized
benzenediol Schiff bases which were significantly
active as AGEs inhibitors to cure diabetes-associated
complications (24). With this motivation during the
current study, a series of analogues 4a-40 (Schiff
bases) of nitro vanillin (Scheme-2) were synthesized
and evaluated against the non-enzymatic glycation
of protein using methylglyoxal-bovine serum albumin
(MGO-BSA) glycation model. Their cytotoxicity
evaluation was also conducted by employing an MTT
assay using HepG2 (a human liver cancer cell line)
cells. The analogues which showed the best anti-
glycation activity were subjected to computational
study to identify the possible binding sites of legend
and protein targets by selecting the acarbose as a
reference legend. Nitrovanillin was prepared by
nitration (25) of vanillin 2 (Scheme-1): which was
obtained by conversion of vanillic acid 1 (26)
(Scheme-1). Vanillic acid was isolated during the
present study from the ethanol extract of aerial parts
of the plant Tamarix aphylla. The synthesis of these
nitro vanillin derivatives, their in-vitro anti-glycation
study, and molecular docking was conducted for the
first time. The analogues reported in this
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communication were new except 4a (27) and
showed significant anti-glycation effects without any
cytotoxicity on the MTT assay.

2. EXPERIMENTAL SECTION

2.1. General Consideration

All analytical grade reagents were purchased from
Sigma Aldrich USA Jahan et., al. Protocol
(US9387198) (28) and were used to prepare AGES.
Phosphate buffer reagents were purchased from
Duksan Pure Chemicals Co. Ltd. (NMR spectra at 400
MHz) and were recorded on a Bruker AM
spectrometer in DMSO-ds with a residual peak of
dimethyl sulfoxide (& = 2.50 ppm !H, 39.5 ppm, 13C).
Chemical shifts were reported in parts per million
(ppm) relative to TMS (8). Coupling constants were
recorded to the nearest 0.1 Hz. Signal multiplicity
was reported as singlet (s), doublet (d), triplet (t)
quartet (q), double doublet (dd), and multiplet
(m).13C spectra were recorded on an advanced
Bruker 75 MHz spectrometer chemical shift recorded
in parts per million (ppm). EI-MS spectra were
recorded on MAT113D and MAT 312 mass
spectrometers; Melting points were recorded on
Buchi melting points-560 apparatus. The pre-coated
silica gell-254 Merck Germany plates were used for
thin-layer chromatography to monitor the reaction
progress UV lights at 366 and 254 nm were used to
visualize the spots. Normal phase column
chromatography was conducted for the isolation of
vanillic acid.

2.2, Isolation of Vanillic Acid 1

Chromatographic techniques were employed on silica
gel to isolate the sufficient amount of compound 1
(vanillic acid) from aerial parts extract of plant
species Tamarix aphylla. The compound 1 was then
converted into nitro vanillin 4. The nitro vanillin was
used to synthesize the series of Schiff bases 4a-4o0.
2.3. General Procedure for
Compounds 2-4

Compound 1, 10 mmol was treated with an equal
amount of DIBEL-H followed by cooling at -10 °C and
stringing for 1 hour in THF to afford compound 2 with
93% vyield (26) (scheme-1). The compound 2, 8
mmol was, reflux, with anequal amount of MnO,, in
THF for 3 hour and compound 3 was obtained with
93% yield (26) (Scheme-1). Compound 3, 7.2 mmol
was refluxed with fuming HNO3 at 60 °C for 1hour in
MeCN and afforded compound 4 (nitro vanillin) with
a 95% vyield (25) (Scheme-1).

Synthesis of

2.3.1. General procedure for synthesisofanalogues
4a-4o0

The analogues 4a-4o0 is derivatives of compound 4.
Compound 4 was refluxed with different amino
reagents in 10 mL anhydrous ethanol at 70-80 °C for
4-5 hours in the presence of the catalytic amount of
glacial acetic acid followed by the reported protocol
(29). Tabel-1 (Scheme-2). When each reaction was
completed the precipitate appeared which was
filtered, washed with distilled water, and
recrystallized with ethanol. The percent yield of all
analogues was calculated.
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2.3.2. (E)-2-(4-Hydroxy-3-methoxy-5-
nitrobenzylidene)hydrazine-1-carbothioamide (4a)
Yellow solid, yield 55%, m.p.: 179-180 °C, 'H NMR
(DMSO-de, 400 MHZz); 64 10.95(s, 1H, OH), 7.86 (1H,
brs, NH>), 7.78 (1H, s, H-1"), 7.71 (1H, brs, NH2),
7.39 (1H, d, J = 2.0 Hz, H-6), 7.07 (1H, d, J = 2.0
Hz, H-2), 3.89 (s, 3H, OCH3). EI-MS m/z (% rel.
abund.): 270 (M%), 253 (8), 236 (8), 194 (100), 177
(81), 164 (17), 121 (21), 104 (16), 90 (22), 59 (21),
44 (17). HREI-MS calcd for CoHigN4O4S: m/z =
270.0423 found 270.0427

2.3.3. (E)-2-(4-Hydroxy-3-methoxy-5-
nitrobenzylidene) hydrazine-1-carboxamide (4b)
Yellow solid, yield 54 %, m.p.: 134-137 °C 'HNMR
(DMSO-ds, 400 MHz): &4 7.76 (1H, s, H-1"), 7.67
(1H, s, H-2), 7.66.9 (1H, s, H-6), 7.50 (s, 1H, NH),
6.58 (s, 2H, NH3), 23.92 (3H, s, OCHs). 13C NMR
(DMSO-ds, 100 MHz): ¢ 159.7 (C), 150.5 (C), 144.2
(CH), 136.9 (C), 130.3 (C) 125.7 (C), 121.76 (C),
123.1 (CH), 111.2 (CH), 55.8 (CH3). EI-MS m/z (%
rel. abund.): 254 (M*, 85), 237 (19), 211 (11), 194
(100), 181 (22), 135 (83), 120 (30), 105 (10), 78
(12), 61 (52), 53 (18), 44 (7). HREI-MS calcd
CoH10N4Os: m/z = 254.0651 found 254.0657

2.3.4. (2,4-Dinitrophenyl)hydrazineylidene)methyl)-
2-methoxy-6-nitrophenol (4c)

Yellow powder, yield 55 %, m.p.: 185-188 °C, 'H
NMR (DMSO-ds, 400 MHz): o4 8.87 (1H, d, J = 2.4
Hz, H-2), 8.50 (1H, s, H-1'), 8.35 (1H, dd, J = 9.0
and 2.0, Hz, H-5"), 8.10 (1H, d, J = 9.0 Hz, H-6"),
7.71 (1H, s, H-3"), 7.29 (1H, brs, H-6), 3.76 (3H, s,
OCH3). 13C NMR (DMSO-ds, 100 MHz): 6c 153.9 (C),
150.0 (C), 149.2 (C), 144.0 (C), 136.2 (C), 135.3 (C)
129.5 (C), 128.7 (CH), 123.1 (CH), 121.2 (CH),
116.7 (CH), 107.7 (CH), 106.7 (CH), 55.8 (CH3). EI-
MS m/z (% rel. abund.): 377 (M*, 100), 347 (14),
315 (14), 296 (8), 285 (5), 269 (9), 253 (4), 239
(4), 223 (4) 197 (35), 180 (19), 152 (14), 122 (12),
106 (6), 79 (11), 63 (13), 44 (10). HREI-MS calcd
CoH10N40Os: m/z = 254.0651 found 254.0657

2.3.5. (E)-2-Methoxy-6-nitro-4-((2-
phenylhydrazineylidene) methyl)phenol (4d)

Yellow solid, yield 55%, m.p.: 39-41 °C, 'H NMR
(DMSO0-d6, 400 MHz): d4 7.79 (1H, s, H-1"), 7.62
(1H,s,J = 2.0 Hz, H-2 ), 7.55 (d, 1H, J = 2.0 Hz, H-
6), 7.22 (2H, t, J = 8.0 Hz, H-3”and H-5"), 7.07 (2H,
d, J = 7.6 Hz, H-6"and, H-2"), 6.75 (1H, t, J = 7.2
Hz, H-4"), 3.93 (3H s, , OCH3). 13C NMR (DMSO-d,
100 MHz): oc 149.7 (CH), 147.3 (C), 145.1 (Q),
142.4 (C), 137.2 (C), 134.5 (C), 129.0 (CH) 126.8
(CH), 118.8 (CH), 115.0 (CH), 113.5 (CH). 112.0
(CH), 111.5 (CH), 56.5(CHs), 121.2, 116.7, 107.6,
55.8; EI-MS EI-MS m/z (% rel. abund.): 287 (Mf*,
100), 252 (7), 238 (2), 225 (6), 209 (4), 184 (2),169
(2), 143 (3), 133 (2) 107 (1), 92 (38), 77 (9), 65
(9), 50(2) HREI-MS calcd r CoHioN4Os: m/z =
254.0651 found 254.0657.

2.3.6. (E)-2-Methoxy-6-
nitr(((4(trifluoromethyl)phenyl)imino)methyl)phenol
(4e)

Yellow solid, yield 50%, m.p.: 90-93 °C, H NMR (
400 MHz, DMSO-ds ): 01 7.98 (1H, s, H-1"), 7.80 (2H,
d, J = 8.2 Hz, H-5" and H-3), 7.69 (2H, d, J = 2.0
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Hz, H-6 and H-2), 7.59 (2H, d, J = 8.0 Hz, H-6" and
H-2"), 3.94 (3H, s, OCH3). 13C NMR (DMSO-ds, 100
MHz): dc 159.4 (C), 149.7 (C), 146.4 (C), 145.1 (C),
142.3 (C), 137.2 (C) 134.5 (CH), 129.0 (CH), 126.8
(CH). 118.8 (CH), 113.5(CH), 112.0 (CH),
111.5(CH), 56.5 (CH3), EI-MS m/z (% rel. abund.):
340 (M*, 100), 321 (7), 310 (3), 293 (30), 279 (3),
264 (12), 251 (9), 248 (6), 235 (2) 222 (7), 202 (1),
196 (2), 172 (7), 153 (2), 145 (17), 125 (2), 107
(1), 95 (3), 79 (1), 75 (2), 63 (1), 53 (1), 51(1).
HREI-MS calcd CisH11F3 N2O4 :m/z = 340.0908 Found
340.0904.

2.3.7. (E)-2-Methoxy-6-nitro-4-(((2-
(trifluoromethyl)phenyl) imino)methyl)phenol (4f)
Yellow solid, yield 55 %, m.p.: 103-106 °C, 'H NMR
(DMSO-ds 400 MHz ): on 8.64 (1H, s, H-1"), 8.08
(1H, s, H-2), 7.92 (1H, brs, H-6), 7.26 (1H, d, J =
6.0 Hz, H-3"), 7.11 (1H, t, J = 6.0 Hz, H-4"), 6.91
(1H, d, J = 6.0 Hz, H-6"), 6.85(1H, t, J = 6.0 Hz, H-
5"), 3.98 (3H, s, OCH3); 3C NMR (DMSO-ds, 100
MHz ): oéc 160.2(CH), 157.3 (C), 155.0 (C), 150.2
(C),147.0 (C), 144.0 (C), 136.3 (C ),135.3 (0Q),
129.5 (CH), 128.7 (CH), 123.1 (CH), 121.2 (CH),
116.7 (CH), 107.6 (CH), 55.8 (CH3): EI-MS m/z (%
rel. abund.): 340 (M%), 293 (1), 197 (100), 180 (53),
152 (7), 149 (20), 135 ( 24 ), 248 (6), 235 (2) 222
(7), 202 (1), 196 (2), 172 (7), 122 (9), 108 (3), 93
(3), 79,(14), 65 (11), 51 (10), 41 (1). HREI-MS calcd
CisH11F3 N2O4 : m/z = 340.0671 Found 340.0677.

2.3.8. (E)-2-Methoxy-6-nitro-4-(((3-
(trifluoromethyl)phenyl)imino)methyl)phenol (4g)
Yellow solid, yield 52%, m.p.: 91-94 °C, 'HNMR
(DMSO0O-ds, 400 MHz): 64 8.68 (1H, s, H-1"), 8.08(2H,
d, J = 2.0 Hz, H-6 and H-2), 7.68 (1H, t, J = 8.0 Hz,
H-5"), 7.60(2H, d, J = 8.0 Hz, H-6"and, H-4"), 7.56
(1H, s, H-2"), 3.92 (3H, s, OCH3s). 13C NMR (DMSO-
ds, 100 MHz): 6c 154.4 (CH), 151.7 (C), 150.4 (C),
144.0 (C), 140.8 (C), 136.2 (C) 135.3 (CH), 129.5
(C), 128.8 (C). 1124.8 (CH), 124.9 (CH), 123.1 (CH),
121.2(CH), 116.7 (CH), 56.5 (CHs), EI-MS m/z (%
rel. abund.): 340 (M*, 100), 321 (6), 293 (26), 264
(10), 251 (5), 222 (7), 200 (2), 172 (7), 145 (19),
95 (2), 75 (2), 51 (2). HREI-MS calcd for
CisH11F3N204: m/z = 340.0671 Found 340.0675.

2.3.7. (1E, 1'E)-Hydrazine-1,2-
diylidenebis(methaneylylidene))bis(2-methoxy-6-
nitrophenol) (4h)

Red solid, yield 56%, m.p.: 177-179 °C, 'H NMR
(DMSO-ds, 400 MHz): 6n 8.48 (2H, s, H-1’, H-1")
7.79 (2H, s, H-2, H-2"), 7.35 (2H, s, H-6, H-6"), 3.80
(6H, s, OCHs). 3C NMR (DMSO-ds, 100 MHz): dc
190.1 (CH), 150.5(C), 149.2(C), 136.9 (C), 125.7
(C), 121.6 (CH), 111.7 (CH), 56.2(CH3). EI-MS m/z
(% rel.abund.): 390 (M*, 100), 373 (7), 360 (9), 312
(3), 295 ( 1), 267 (2), 239 (1), 225 (1), 222 (31)
196 (4), 17 (5), 176 (6), 164 (2), 149 (4), 135 (8),
106 (2.5), 92 (2), 78 (2), 53 (2), 44 (2). HREI-MS
calcd for CigH14N4Og: m/z = 390.0812 Found
390.0818.

2.3.9. (E)-2-methoxy-6-nitro-4-((phenylimino)
methyl) phenol (4i)

Yellow solid, yield 55%, m.p.: 42-45 °C,HNMR
(DMSO-ds, 100 MHz,): éH 8.60 (1H, s, H-1'), 8.02
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(1H, s, H-2), 7.75 ( IH, s, H-6), 7.43 (2H, d, J = 7.0
Hz, H-1”, H-6"), 7.30 (3H, t, J = 8.0 Hz, H-3", H-4"
H-5"), 3.92 (3H, s, OCH3). 13C NMR (DMSO-ds, 400
MHz): 8c 158.6 (CH), 149.7 (C), 145.1 (C), 142.0
(C), 133.6 (C), 129.0 (C) 125.3 (C), 118.8 (CH),
128.8 (CH). 113.5 (CH), 112.9 (CH), 111.7 (CH),
111.5 (CH), 111.2(CH), 56.8 (CHs), EI-MS m/z (%
rel, abund): 272 (M*, 100), 242 (3), 196 (9), 183
(8), 154 (5), 127 (3), 77 (13), 51 (3). HREI-MS calcd
for C14H12N204: m/z = 272.0797 Found 272.0793.

2.3.10. (E)-2-(4-Hydroxy-5-methoxy-3-
nitrobenzylideneamino)benzoic acid (4j)

White solid, yield 51 %, mp.: 175-178 °C , 'HNMR
(DMSO-ds, 400 MHz): on 8.69 (1H, s, H-1'), 8.08
(2H,d, J=1.2 Hz, H-2 and H-6), 7.83 (1H, t, J = 6.0
Hz, H-5"), 7.1 5 (1H, brs, H-2"), 7.11 (1H, m, H-4"),
6.76 (1H, dd, J = 8.0, 2.0 Hz, H-6") 3.92 (3H, s,
OCHs). 13C NMR (DMSO-ds, 100 MHz): 6C 163.45
(CH), 160.1 (CH), 149.7 (C), 145.1 (C), 142.4 (C),
137.2 (C), 134.5 (C) 129.0 (C), 126.8 (C), 123.4
(CH). 118.8 (CH), 113.5 (CH), 112.0 (CH),
111.5(CH), 56.5 (CH3), EI-MS m/z (% rel. abund.):
316 (M*+, 100), 286 (74), 242 (5), 225 (8), 197 (18),
167 (8), 111 (11),97 (21), 92 (40), 77 (14), 69 (19)
44 (37) HREI-MS calcd CisH12N206: m/z =
316.0695. Found 316.0692.

2.3.11. (E)-4-(((2-Hydroxyphenyl)imino)methyl)-2-
methoxy-6-nitrophenol (4k)

White solid, yield 54%, m.p.: 173-176 °C, 'HNMR
(DMSO-ds, 400 MHz): 6n 8.79 (1H, s, H-1'), 8.23
(1H, s, H-2), 8.13 (1H, s, H-6), 7.42 (1H, d, J = 6.0
Hz, H-6"), 7.25 (1H, t, J = 7.5 Hz, H-4"), 7.07 (1H,
d, J = 8.0 Hz, H-6"), 7.02 (1H, t, J = 6.0 Hz, H-5"),
4.09 (3H, s, OCH3). 13C NMR (DMSO-ds, 100 MHz):
Oc 159.2 (CH), 154.5 (C), 150 0 (C), 144.0 (O),
140.5 (C), 136.2 (C), 135.3 (C) 129.5 (CH), 128.7
(CH), 123.1 (CH). 121.28 (CH), 116.7 (CH), 107.6.0
(CH),), 55.8 (CH3), EI-MS m/z (% rel. abund): 288
(M*, 100) 241 (12), 225 (5), 212 (3), 195 (2), 169
(2), 154 (1), 144 (2), 127 (1), 93 (3), 85 (1), 65 (5),
43 (1). HREI-MS calcd Ci14H12N205: m/z = 288.0746
Found: 288.0740.

2.3.12. (E)-2-Methoxy-4-(((5-(methylthio)-2-
(trifluoromethyl)phenyl)imino)methyl)-6-
nitrophenol (41)

White solid, yield 51%, m.p.: 139-14 °C, 'HNMR
(DMSO-ds, 400 MHz): &4 8.75 (1H, s, H-1'), 8.20
(2H, d, J = 2.0, Hz, H-2 and H-6), 7.87 (1H, s, H-6"
), 7.71 (2H, d, J = 8 .0 Hz, H-4"and H-3"), 4.07 (s,
3H, OCHs), 3.98 (s, 3H, SCH3). 3C NMR (DMSO-d,
100 MHz): d¢ 159.2 (CH), 154.5.1 (C), 150.0 (C),
144.0 (C), 140.5 (C), 136.2 (C), 135.3 (C), 129.5
(C), 128.7 (C), 123.1 (C), 121.2 (CH), 116.7 (CH),
107.6 (CH), 111.5 (CH), 55.8 (CHs), 14.6 (CHs). EI-
MS m/z (% rel. abund.): 386 (M* 100) 371 (17), 353
(52), 307 (13), 290 (1), 278.2 (2), 25 (1), 222 (1),
218 (9), 185 (2), 157 (2) 133 (1), 63 (1). HREI-MS
caled CieHis F3N204S: m/z = 386.0548 Found
386.0542.

2.3.13. (E)-4-Hydroxy-3-methoxy-5-
nitrobenzaldehyde oxime (4m)

White powder, yield 55%, m.p.: 102-104 °C, 1HNMR
(DMSO-de, 400 MHz): 64 8.13 (1H, s, H-1"), 7.66 (d,

RESEARCH ARTICLE

1H, J = 2.0 Hz, H-2), 7.45 (d, 1H, J = 2.0 Hz, H-6),
3.88 (s, 3H, OCHs). 3C NMR (DMSO-ds, 100 MHz):
O0c 149.6 (CH), 146.5 (C), 143.4 (C), 136.9 (C),
123.7 (C), 114.8 (CH), 112.0 (CH), 56.4 (CH3). EI-
MS m/z (% rel, abund): 212 (M*, 100), 195 (22),
177 (6), 152 (6), 139 (11), 108 (7), 96 (4), 77 (7),
63 (4), 53 (8). HREI-MS calcd for CgHgN20s: m/z =
212.0433 Found 212.0437

2.3.14. (E)-4-(((3,4-Dichlorophenyl)imino)methyl)-
2-methoxy-6-nitrophenol (4n)

White powder, yield 55%, m.p.: 102-104 °C, HNMR
(DMSO-ds, 400 MHz): 64 8.13 (1H, s, H-1"), 7.66 (d,
1H, J = 2.0 Hz, H-2), 7.45 (d, 1H, J = 2.0 Hz, H-6),
3.88 (s, 3H, OCHs). 13C NMR (DMSO-ds, 100 MHz):
Oc 149.6 (CH), 146.5 (C), 143.4 (C), 136.9 (O),
123.7 (C), 114.8 (CH), 112.0 (CH), 56.4 (CH3). EI-
MS m/z (% rel, abund): 212 (M*, 100) 195 (22), 177
(6), 152 (6), 139 (11), 108 (7), 96 (4), 77 (7 ), 63
(4), 53 (8).EI-MS m/z (% rel. abund.): 240
(M+,100), 242 (M*2, 64), 244 (M+4, 11), 323 (4), 310
(15), 293 (17), 280 (3), 268 (6), 266 (5), 251 (5),
222 (2), 187 (3), 172 (4), 145 (7), 109 (4), 79 (1),
63 (1), 51 (1), HREI-MS calcd Ci4H1p CI2N204: m/z =
340.0018 Found 340.0012.

2.3.15. (E)-2-Hydroxy-5-((4-hydroxy-3-methoxy-5-
nitrobenzylidene)amino acid (40)

White solid: yield:54%, m.p.:196-199 °C, 'HNMR
(DMSO-ds, 400 MHz,): on 8.67 (1H, s, H-1'), 8.08
(2H, d, J = 2.0 Hz, H-2 and H-6), 7.77 (1H, d, J =
6.0 Hz, H-6"), 7.56 (1H, d, J = 6.0 Hz, H-5"), 6.92
(1H,d, J = 8.0, Hz, H-6"), 7.18 (1H, brs, H-2") 3.90
(3H, s, OCHs). 13C NMR (DMSO-ds, 100 MHz): &¢
160.1 (CH), 154.5 (C), 152.6 (C), 150.0 (C), 144.0
(C), 136.2 (C), 135.3 (C), 129.5 (C), 128.7 (CH),
123.1 (CH), 121.2 (CH), 116.7 (CH), 107.6 (CH),
56.4 (CH3). 13C NMR (DMSO-ds, 100 MHz): ¢ 168.5
(C), 160.1 (CH), 149.7 (C), 145.1 (C), 142.4 (O),
137.2 (C), 134.5 (C), 129.0 (C), 126.8 (CH), 123.4
(CH), 118.8 (CH), 116.7 (CH), 113.5 (CH), 112.0
(CH), 111.5 (CH) 56.5 (CH3). EI-MS m/z (% rel.
abund.): 332 (M*, 36), 288 (100), 258 (57), 241
(16), 197 (10), 153 (7), 135 (12), 109 (18), 93 (7),
79 (10), 65 (10), 53 (7). HREI-MS calcd CisH12N207:
m/z = 332.0645 Found 332.0649.

2.4. Anti-glycation Study

2.4.1. Assay for anti-glycation study

The AGES were prepared according to the optimized
protocol (US9387198) (27) briefly, disodium
hydrogen phosphate (Na,HPO,) and sodium
dihydrogen phosphate (NaH,PO,) (Duksan Pure
Chemicals Co. Ltd.) were used to prepare a 100 mM
phosphate buffer solution. Bovine serum albumin
(BSA= 10 mg/mL) (Sigma Aldrich) and
methylglyoxal (MGO 500 mM) (Thermo Fisher
Scientific) were mixed with azide buffer (0.1 mM). All
the working dilutions were prepared using deionized
water. All the compounds were dissolved in dimethyl
sulfoxide (DMSO) (Amresco LLC). The assay was
performed in a flat-bottom 96-well black
fluorescence plate (Corning Inc.). Initially, the nitro
vanillin  analogues were evaluated at 1mM
concentration. Each compound was tested in
triplicates. Rutin hydrate (1 mM) (Sigma Aldrich) was
used as a reference glycating agent. BSA mixed with
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sodium phosphate buffer was used as a negative
control. The reaction plate was kept at 37 °C for 24
hours for incubation. The anti-glycation potential of
all analogues was analyzed by measuring AGEs
specific fluorescence (355 nm excitation and 460 nm
emission) against blank by using Varioskan Lux
microtitre plate reader (Thermo Fisher Scientific).
Percent (%) inhibition of AGEs was calculated by
using the formula given below

Inhibition of fluorescence % = (1-Fluorescence of
test derivative / Fluorescence of glycated BSA) x 100

The compounds exhibiting anti-glycation potential at
1 mM (> 50% inhibition) were further diluted 2 fold
and their ICsy values were determined by using the

EZ-FIT Enzyme Kinetics protocol (Perrella Scientific
Inc).

2.4.2. Cytotoxicity assay

HepG2 a human liver cancer cell line was purchased
from ATCC (USA) and maintained in a sterile
environment. Initially, the cells were cultivated in a
25 cm2 cell-culture flask (Nest Co.Ltd.). The cell
culture medium was prepared with Dulbecco’s
Modified Eagle Medium-high glucose (DMEM), fetal
bovine serum (FBS), sodium pyruvate, sodium
bicarbonate, and L-Glutamine (Gibco). The cells were
kept in an incubator at 37 °C providing 5% CO, until

they become 80% confluent. Later, the cells were
trypsinized using 1X trypsin-EDTA (0.25%) and
viability was determined using trypan blue. HepG2,
8x10% cells / mL, were seeded in a 96-well flat-
bottom sterile cell culture plate and incubated at 37
°C for 24 hours for adherent. The cells were treated
with the analogues at 50 pM concentration in
triplicates for 24 hours. The medium was aspirated
and 100 yL MTT dye (5 mg/mL) was added to the
cells. After 3 hours, the dye was removed, and 10%
DMSO was added to each well to dissolve the
formazan crystals. Colorimetric analysis was
performed at 570 nm, using a spectrophotometer
(Varioskan micro plate reader Thermo Fisher). The
toxic effect of analogues on cell viability was
measured by the formula given below.

Inhibition % =100 - [(Absorbance of test
Compound-Absorbance of blank) / (Absorbance of
control-Absorbance of blank)]

2.4.3. Structure activity relationship of analogues
4a-40

A series of nitro vanillin analogues 4a-40 were
prepared and tested for anti-glycation assay. All
analogues have a common parent methoxy nitro
phenol ring and variable region. The analogues were
classified into three categories based on the basis of
presences of different functional groups in the
variable region for the study of the structure-activity
relationship. Category “"A” included analogues 4a and
4b, which bear the carbamide functional group,
category "B” include analogues 4c and 4d which bear
the hydrazinelidene functional group, and category
“C"” 4e-4o0 included imino functional group other than
the parent ring in their structure as shown in Table.1
The compounds exhibited excellent to moderate anti-
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glycation potential against the in-vitro MGO-modified
BSA model. The ICsq values were found in the range
of 95 to 465 yM. Rutin was used as standard which
showed 62% inhibition in MGO-BSA glycation assay
with ICso = 180+0.8 yM). Nitro vanillin analogues
showed weak (glycation inhibition percentage <

50%), moderate (glycation inhibition percentage
>50% and <70%), good (glycation inhibition
percentage >70%), and excellent (glycation

inhibition percentage >80%) anti-glycation activity.
Analogue 4a (81.83% inhibition, IC5, = 121+1.0 uM)
showed excellent anti-glycation activity compared to
the reference rutin (62% inhibition, IC;, = 180+0.8
#M). Rutin is a flavonoid, known for inhibiting early
steps in the glycation process and hence modulates
the formation of AGES. The activity of analogue 4a
may be attributed to hydrazine thiocarbamide moiety
in its structure. Analogue 4b (48.33% inhibition) is
structurally similar to analogue 4a but it contains
hydrazine carboxamide moiety and showed poor
anti-glycation activity less than 50% inhibition
compared to rutin and considered inactive. From the
results, it is inferred that the replacement of
thiocarbamide with carbamide moiety caused a
compound inactive.

The analogues 4c and 4d contain phenyl hydrazine
group and exhibited poor to good anti-glycation
activity. analogue 4c¢ (44.31% inhibition) bears two
nitro groups at ortho and para positions of phenyl
hydrazinylidene ring in its structure resulting in less
than 50 % inhibition and ranked as anti-glycation in
active. The presence of the unsubstituted
phenyhydrazenylidene group in analogue 4d
(69.71% inhibition, ICsy = 220+0.15 yM), showed

good anti-glycationactivity. The comparison between
these two analogues reveals that either presence of
two nitro groups at ortho or para position
compromise analogue 4c inactive or the presence of
an un-substituted phenyl hydrazine ring boosts up
the potency of analogue 4d against the glycation
process. The analogues 4a-40 bears phenyl imino
moieties with substituted or unsubstituted phenyl
amino ring in their structures and showed variation
in activity from compound to compound. Thus, the
presence of the tri-fluoromethane group at different
positions of the phenylamino ring in some of these
analogues revealed excellent to weak anti-glycation
activity. The presence of this group at the para
position resulted in moderate activity in analogue 4e
(80.82% inhibition, IC5q = 336+2.9 uM), but the
presence of this group at the ortho position in
analogue 4f (79.62% inhibition, ICsq = 95.0 £ 0.7
UM) boosts up the activity and so that it behaves as
a strongest anti-glycation candidate than all the
synthetic analogues of series as it exhibited excellent
anti-glycation activity.

On the other hand, the presence of the tri-fluoro
methane group at the meta position of the
phenylamino ring turns down the activity of analogue
4g (45.30% inhibition) towards the weakest
candidate so that, it showed less than 50% inhibition
and stands as an inactive anti-glycating agent.
Analogue 4h (74.24% inhibition, IC5; = 183+3.8
uM), a dimer of the parent compound showed
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excellent anti-glycation activity comparable with that
of rutin. The anti-glycation activity of this compound
may be attributed to the presence of either a di-
methylidene hydrazine group or two aromatic rings.
Analogue 4i (56.92% inhibition, ICs, = 331+1.1 yM)
is without substitution on its phenylimino ring and
showed moderate anti-glycation activity. Its activity
could be compared with analogue 4j and 4k.
Analogue 4i is more active than analogue 4j
(42.10% inhibition) which showed less than 50%
inhibition and which bears the acidic group at the
meta position of its phenyl imino ring in its structure
and is biologically inactive while analogue 4i is less
active than analogue 4k (59.89 % inhibition, ICs
=237.0£2.2 yM) which bears hydroxy group at the
ortho position of phenylimino ring and showed
moderate anti-glycation activity compared to
standard rutin. These results indicated that the
presence of a hydroxy group at the ortho position of
the phenylimino ring enhances the activity while the
presence of an acidic group at the meta position
causes the analogue to be inactive. Analogue 4l
(70.64% inhibition, ICsq = 187+0.6 yM) bears a tri-
fluoro methane group at the ortho position and
thiomethane group at the meta position of
phenylamino ring, when the activity of this analogue
is compared with the activity of the analogue 4f,
which has only a trifluoromethane group at ortho
position and which is a most potent compound of
series, it is observed that presence of thiomethane
group at meta position reduces the activity of
analogue 4l however its activity is still greater than
analogue 9 which have tri-fluoro methane group at
the para position and analogue 4g which have tri-
fluoro methane group at meta position respectively.
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These results also revealed that the presence of
thiomethame at the meta position along with tri-
fluoromethane at the ortho position of the phenyl
imino ring reduces the anti-glycation activity. The
analogue 4m (61.16% inhibition and ICy;y =
361+10.0 yM) bears an oxime moiety and exhibited
moderate anti-glycation activity compared to rutin.
This analogue differs from other members of the
series as it bears only the parent phenyl ring that is
common to all analogs, so its activity cannot be
compared with any other analogue in the series. The
analogue 4n (71.18% inhibition ICsy = 214+2.4 M),
bears two chlorine groups at meta and para positions
of the phenylimino ring and showed good anti-
glycation activity. The activity of this analogue
iscompared to the activity of analogue 40 (55.64%
inhibition, ICsq = 245+2.4 yM) which bears ahydroxy
group at meta and acidic group at para positions and
also showed good anti-glycation activity compared to
rutin but less active than analogue 4n.These results
indicated that the substitution of phenyl imino ring at
ortho and meta positions with chlorine groups
enhances the activity while activity decreases when
these positions are substituted with an acidic group
at ortho and a hydroxy group at the meta position.
The results are shown in Table 1. The safety profile
of the analogue was evaluated by MTT assay using
HepG2 cells. The analogue found with weak anti-
glycation activity was not assessed for cytotoxicity.
Analogue 4a, 4e, 4f, 4i, 41,4m, and 40 were found
nontoxic at 50 yM concentration when compared to
the standard drug, doxorubicin, whereas analogue
4d, 4h, 4k, and 4n were fairly toxic as compared to
standard doxorubicin at 50 yM. The results are sown
in Table 1.

Tablel: In-vitro anti-glycation study and cytotoxicity evaluation of nitro vanillin analogous 4a-4o0.

Anti-glycation . . C\{t?t_oxic
Analogues Inhibition % Anti-glycation IC5o (UM + SEM) Inhibition %

50 yM

4a 81.83 121+£1.0 16.49

4b NA NA NA

4c NA NA NA

4d 69.71 220+1.5 47.88

4e 82.82 336+2.9 21.13

af 79.62 95+0.7 0.10

49 NA NA NA

4h 74.24 183+3.8 57.32

4i 56.92 331+1.1 2.39

4j NA NA NA

4k 59.89 237+2.2 46.67

41 70.64 187+0.6 16.8

4m 61.16 361+1.0 7.34

4n 71.18 214+2.4 32.32

40 55.64 245+2.4 0.20

Doxorubicin 62.23 180+0.8
Rutin 45.98+2.42

NA = INACTIVE
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3. RESULTS AND DISCUSION

3.1. Chemistry

The primary approach in our study was rested to
select the smaller non-toxic, and biological active
nucleus so that its new activity is investigated by the
preparation of its synthetic analogues. Since natural
products are less or non toxic and possess several
biological activities so our study rounds about natural
products. To fulfill our approach, we conducted
column chromatography on the methanolic extract of
aerial parts of the plant species Tamarix aphylla and
isolated a non-toxic natural product vanillic acid 1
which is ubiquitous in several biological activities. To
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transformed via three steps reactions into an
aldehyde motif nitro vanillin. The first step of
transformation was a reduction of vanillic acid 1 into
alcoholic moiety 2 which by oxidation in the second
step converted into vanillin 3. Vanillin 3 bears the
aldehyde functional group susceptible to amino
moiety for hydrazone synthesis. Since its para
position is covered by the methoxy group which due
to the positive mesomeric effect pretends the
carbonyl group towards less susceptible to incoming
moiety and yield was not so good. To enhance the
yield vanillin was subjected to nitration and
converted into nitro vanillin compound 4 (Scheme-
1).

make this molecule more versatile it was
0 O
OH
‘ OH DIBAL-H, MnO; !
HO - Mo v HO
-~ -~
1 2 g 3
Fuming HNO; OzN H
MeCN, 55-60 °C, 1hr HO
fo 4

Scheme 1: Conversion of vanillic acid 1 into nitro vanillin 4.

Compound 4 was utilized as an intermediate for the
generation of a series of Schiff bases 4a-40, with
excellent vyield, Table-2 (Scheme-2). Our second
approach was to evaluate the anti-glycation activity
and bio-safety and establish the structure-activity
relationship of these analogues (Table-1). Our third
approach was a molecular docking study of the most
potent analogues (Figure-2) and (Figure-3).

3.2. Structure Elucidation of Most Active Analog
af

3.2.1. 'H and 13C-NMR of analog 4f

The 'H NMR of most potent analouge 4f was recorded
on a Bruker AM (DMSO-des, 400 MHz). In the
spectrum of this compound the most down field
signal was the signal of proton H-1' resonating at 6
8.64 as a singlet. The proton H-2 resonated as a
singlet at 0 8.08 was the second down filed proton.

Then there was a singlet signal of proton H-6
resonated at & 7.29 Proton H-3" showed up as a
doublet at 6 7.26 with a coupling constant (J = 6.0
Hz). Furthermore, there was a triplet of proton H-4"
resonating at 6 7.33. A doublet signal of proton H-6"
appeared at 6 6.91 (J = 6.0 Hz). The proton H-5"
resonated at & 6.85 as triplet. The most up field
signal was the signal of methoxy protons resonating
as a singlet at 6 3.98.

13C-NMR spectrum of the analog 4f showed signals
including seven quaternary signals signals resonating
at 0c 157.3, 155.0, 150.2, 147.0, 144.0, 136.3 and
135.3, while seven methene carbons were resonating
atato6c 160.2,129.5128.7,123.1,121.2,116.7 and
107.6. A most upfield methyl carbon signal appeared
at oc 55.8. This profile confirms the expected
structure of analogue 4f Figure-1.

Ve

5"
2 'F C H 4"
H ol 4
N S
02 N H 3
HO H Hz"
OCH; ©

CF3
2 ! H n i
OZN 1 ]\N' 1 i 5||
3 |
6 e'/ /4"
HO4 Ys 5
OCHs

Figure 1: 'H and !3C-NMR of analogue 4f.
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Table 2: Synthesized nitro vanillin analogues 4a-4o0.

Entry R Analogues Entry R Analogues

Category "A”

N

s ~ N

1 A 4a 2 N NFe 4b
SNTONH,
H

Category "B”

I® 9
N

w
/7 Q@
zZ zZ
=z
(@)
N
H
0
AN
/

N H
Category “C”
CF;
5 /|©/ 4e 11 ak
OH
F3;C
CF
6 3 af 12 J@\ a4l
S/
CF;
7 U 4g 13 /OH 4am
(0]
O,N cl
8 4h 14 j@\ 4n
HO cl
O
7/
OH O

/@ ai 15 /(j)‘orﬁ 40
10 )@YOH 4j
|

Ill:II NO o
NO . L ‘ *
‘ H . NH, Glacial acetic acid ‘ N
1 -
HO R Ethanol, 4-5 h, 70-80 °c HO
0

Scheme 2: Synthetic analogues of nitro vanillin 4a-40
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Table 3: Synthetic analogs 4a-4o0.

Analog Structure Analog Structure
NO,
|S HO 2
4a 4b N
)\ NP i,
~0 H
H
NO, N .N
i 0
4c | 4d
@\/N )\ HO
=~0 /O
CF3
\ NO, \N
4e af
HO
,O
o
\
N02 N ‘N NS
ag 4h N NO,
HO
/O
COOH
NO: \N/© 3 /@
ai 4j b N
HO
HO
/O
HOK)
NO, N NO, N D\ e
ak N al N S
HO HO
L0
Cl
NO, \N,OH Cl
NOZ N
4m Ho:©/\ 4n :@AN‘Q
HO
/O
~0
COOH
NO, \N/@OH
40
HO
0
4. MOLECULAR DOCKING STUDY synthesized vanillin derivatives. The 3D structures of

all the synthetic compounds were model, protonated

Molecular docking is a computational and standard and energy minimized using the MMFF94 force field
technique for identifying a binding mechanism of implemented in MOE 2019.01(31, 32) conformations
ligands and protein targets (30). The docking were generated for each compound and the best-
program implemented in the Molecular Operating ranked pose was selected for further study.

Environment

2019.01 was wused with default Furthermore, all the docking poses were visualized

parameters to explore the binding mode of the
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and all the images of the docked poses were
prepared through the UCSF Chimera program (33).

4.1. Results and Discussion

Molecular docking is a well-known and most
promising tool that provides the possible binding
mechanisms between protein and ligand. In this
study, docking protocol was applied on a series of
vanillin derivatives to explore interactive mechanism
with Saccharomyces cerevisiae. Previously reported
a-glucosidase homology model template (PDB ID:
3A, 4A) has been used (34). The vanillin derivatives
and comparative antagonist acarbose were docked
into the binding pocket of the receptor by using the
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default operating system of MOE. The protein ligand
interactions of the docked pose of each complex were
visualized manually. The highest ranked dock score
conformer of vanillin derivatives and reference ligand
(acarbose) were selected. The Docking score of the
synthetic compounds having the best anti-glycation
activity such as analogues 4a, 4f, 4h and reference
ligand was-6.91, -6.99, -7.96 and -4.382 kcal/mol
respectively. The docking result revealed that

acarbose as well as all the synthetic compounds
binds in the binding pocket of the a-glucosidase
(Table-4). Assemble binding pose of all the analogs
along with reference ligand in a-glucosidase are
illustrated in (Figure-3).

Figure 2: The assemble dock pose of Vanillin analogues 4a, 4f, 4h, and reference ligand (acarbose)
against the binding pocket of a-glucosidase are depicted in the 3D format.

Lmlla Ir

“:l \ 27k mw’:u A
T T |

- fQ .{r\ i:r@
N A T

Figure 3: 3D graphical structure representing the binding interaction of analogous 4a, 4f, and 4h (A, B, C)
in the active pocket of a-glucosidase.

Table 4: Molecular interactions residue and binding energy of docked compounds in the binding pocket of

a-glucosidase.

Binding
Compound ID Energy H-Bond Hydrophobic Pi-Stacking
Kcal/mol
Reference -4.382 Arg212, His111, Glu276, Glu304, Phel77, His239,
compound : Arg439 Asp349 Pro309
Asp68,
analog 4a -6.91 Arg439,His111, Phe157 Arg439, Phel77
Glu276
Phel57, Phel77,
analog 4f -6.99 Ae A3?9fr9'212 Leu218, Ala278,
P 9 Phe300
analog 4h -7.96 Arg439, Gin3so  'hel57, Phel7,

Ala278, Phe300
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5. CONCLUSION

In the current study, the analogues 4a-40 were
synthesized on the core nucleolus of nitro vanillin by
coupling reaction of different amino reagents on the
carbonyl group of nitro vanillin in an acid medium
followed by a Schiff base mechanism. The analogues
were subjected to in-vitro screening against AGES
through an in-vitro MGO-modified BSA model by
using rutin as a standard compound. Besides
analogues 4b, 4c, 4g, and 4j which were inactive,
other analogues were moderate to highly active.
Among potent analogues, the best active analogue
was analogue 4f which bears the trifluoromethyl
group at the phenyl imino ring in its structure. The
other highly active analogs were analogue 4a, which
bears the carbothioamide group, analogue 4h which
bears the hydrazine group, and analogue 4l which
bears 5-methylthio-2-trifluoromethyl phenylimino
group. While analogue 4d, 4e, 4i, 4k 4m, 4n, and
40 were considered moderately active. The
structure-activity relationship study revealed that
the presence of the carboxamide group in analogue
4b, the presence of the 2,4-dinitrophenyl group in
analogue 4c, the presence of trifluoromethyl group
at meta position in the molecular structure of
analogue 4g, and the presence of an acidic group at
meta position in the molecular structure of analogue
4j reduced the activity of these compounds so lower
that they are ranked as inactive against AGES in the
series. When safety measures of the analogs 4a-40
were conducted by MTT against HePG2 cell lines their
safety profile reveals that analogs 4a, 4e, 4f, 4i, 4l,
4m, and 40 were nontoxic concerning doxorubicin as
a standard drug, Analogues 4d, 4h, 4k and 4n were
found fairly toxic while inactive analogues were not
subjected in this study. The molecular docking study
conducted on the best potent analogues, 4a, 4f, and
4h showed excellent results. From these results we
can infer that our approaches to preparing the
synthetic analogues of the smaller, natural, and
relatively non-toxic molecule are successful. The
analogues are significantly active against AGEs and
non toxic and can be used as lead molecules in the
future for the treatment of diabetic-associated
complications. The docking study of these analogs
reveals that they were not potent only in in-vitro but
also best in legend-protein based interaction as well.
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